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pink to reddish-brown to brick red. 7 The chopped, air-dried specimens (5.54 g) were macerated in EtOH and the filtered dried residue was partitioned between EtOAc and H 2 O. The organic phase was chromatographed on silica TLC plates [toluene-HCO 2 Et-HCO 2 H (50:49:1) as eluent] and revealed the presence of major yellow (R f 0.30) and violet-red (R f 0.63) zones. 9 The major yellow zone (1.5 mg) was isolated by PTLC (as above) followed by gel permeation chromatography (Sephadex LH-20 suspended and eluted in MeOH) as an optically active yellow powder, [α] D -316 (c 0.045, CHCl 3 ), mp 139-141 °C (dec., MeOH). Spectroscopic data indicated that this pigment, 2 was an isomer of austrocolorin. In a preceding article we established the absolute axial and central configuration of the austrocolorin A 1 and B 1 atropisomers from detailed analysis of the 1 H NMR data, the CD spectrum and by reductive cleavage of the biaryl bond and subsequent chiral HPLC analysis. 3 In this instance, the major yellow pigment from C. vinosipes was distinguished as the known (3S, P, 3'S)-austrocolorin B 1 atropisomer (2) from comparison of the published NMR and CD data. 3 The violet-red zone (5.6 mg, R f 0.17) was subjected to further PTLC [silica, petrol -EtOAc-HCO 2 H (75:24:1)] in order to remove a colourless material, which was subsequently identified as ergosta-5,7,22E-trien-3β-ol (R f 0.38, 3.4 mg, 6.9 × 10 -2 % yield / dry wt.) from spectroscopic analysis. 10, 11 Crystallization of the violet-red pigment (1.8 mg, 3.2 × 10 -4 % yield dry wt.) from EtOAc-petrol afforded optically active dark red needles, [α] D -419 (c 0.011, CHCl 3 ). 9 The mass spectrum of the pigment showed a pseudo molecular ion [M+H] + at m/z 595 that, by high resolution mass measurement, corresponded to the molecular formula C 34 H 26 O 10 . This suggested a close structural relationship between this new compound and austrocolorin B 1 (C 34 H 34 O 10 ). The 1 H NMR spectrum of the compound consisted of signals due to a chelated phenolic hydroxy group (δ 15.97), two meta-coupled aromatic protons (δ 6.12 and δ 6.64), two methoxy groups (δ 4.07 and δ 3.49), one C-methyl group (δ 1.93) and a quinonoid methine proton (δ 6.86). Significantly, the signal from the C-methyl group (δ 1.93) appeared as a doublet (J = 1.4 Hz) coupled to the quinonoid methine proton, which appeared as a doublet (J = 1.4 Hz) at δ 6.86. The UV spectrum exhibited a long wavelength absorption at 522 nm consistent with a 1,4-anthraquinone chromophore. 12 Of particular significance is the suggestion that the violet-red pigment possessed a high degree of symmetry, as the 1 H NMR spectrum (Table 1) contained signals for only one half of the protons indicated by its molecular formula. The identification of each half of the violet-red pigment as the partial structure 4, followed from analysis of the 1D and 2D NMR data (Table 1) , and from comparison with the corresponding data reported for the 7-methyl ester of viocristin (5) . 13 That the violet-red pigment consists of two units of the partial structure 4 coupled from C10 in one half to C10' in the other was evident from the 1 H NMR spectrum, in which there was no resonance that corresponded to a proton at C-10 (δ H-10 in 5 is δ 7.87). 13 The 10,10′ coupling is further supported by the upfield shift of the signals assigned to the aromatic protons at C-5/C-5′ (δ 6.12) in comparison to their counterpart in the spectrum of 5 (δ 6.63) 13 due to the anisotropic shielding by the adjacent aromatic rings. Thus, the violet-red pigment, which we here call austrocolorone, must have the gross structural formula 3, which is fully consistent with the results of HMBC and HMQC correlation experiments. Whilst 3 does not contain any stereogenic centers, optical activity arises by virtue of the restricted rotation about the biaryl axis. The P absolute configuration of the axis in 3, as shown in the formula is suggested on biosynthetic grounds if it is assumed that austrocolorone is derived by dehydration and oxidation of austrocolorin B 1 (2) . Nevertheless, it has been reported that the axial configuration of asymmetric bianthryls can be confirmed from the shape of the CD spectrum ( Fig.   1 ). [14] [15] [16] Exciton coupling between the asymmetrically disposed long axes of the two bianthryl chromophores in such systems manifests itself as a bisignate Cotton effect couplet centred in the vicinity of 260 nm. 15, 16 According to the theory, a biaryl in which there is a clockwise helical twist between the two aromatic chromophores (positive chirality) gives rise to a CD spectrum that exhibits a positive Cotton effect to longer wavelengths and a negative one to shorter wavelengths (an A type curve). [14] [15] [16] Alternatively, molecules in which there is an anticlockwise helical twist between the chromophores (negative chirality), give rise to a CD spectrum in which, at longer wavelengths, the Cotton effect is negative and at shorter wavelengths it is positive (a B type curve). [14] [15] [16] In the case of austrocolorone, the Cotton effect couplet centered at 254 nm exhibits a positive chirality (B type curve). On this basis, the stereochemistry at the C-10 / C-10' biaryl axis in austrocolorone 3 is designated as P according to the Prelog-Helmchen rules, 17 and reflects a clockwise helical twist between the two anthraquinone ring systems as shown in structure 3. Whilst 10,10′-bianthracenes (or 9,9′-bianthracenes) are described in the literature, such as the rheidins A-C, emodinbianthrone and palmidin A-D, 18 these arise as dimers of a 9,10-anthracenedione moiety.
Austrocolorone B is the first naturally occurring 10,10′-coupled (or 9,9′-coupled) 1,4anthracenedione dimer reported in the scientific literature.
The occurrence of austrocolorin B 1 in both C. vinosipes and Cortinarius sp. WAT26641, a species examined previously by our group, 3 suggests that they may be closely related. On the basis of morphology, C. vinosipes has been assigned to the Cortinarius subgenus Telamonia 7 whereas Cortinarius sp. WAT26641 has been assigned to the subgenus Dermocybe. 3 From a chemotaxonomic standpoint, anthraquinones are predominantly metabolised by species of Cortinarius belonging to the subgenus Dermocybe, however anthraquinones have also been reported from some species of the subgenus Telamonia. 1 Molecular data have proved useful for elucidating evolutionary relationships within Cortinarius, and morphology is not always congruent with DNA sequence data. 6 At present, there is no molecular data to confirm the subgeneric placement of either C. vinosipes or Cortinarius sp. WAT 26641, nor the relationship of the two species to each other.
It is noted that these pigments are structurally related to the anthracycline antibiotics such as doxorubicin (6) , which are amongst the most widely prescribed and effective chemotherapeutic agents. [19] [20] [21] Anthracyclines have been found to exert their cytotoxic effects by binding intercalatively with DNA, and in some cases RNA, or via the inhibition of topoisomerase II. 20 More recently, there has been renewed interest in the structurally related quinonoids, hypericin (7) and hypocrellins, as photosensitizing agents for utilization in photodynamic cancer therapy. 22, 23 Previous investigations into the antibacterial activity of a large collection of Cortinarius species have found that the lipophilic extract C. vinosipes was active against Staphylococcus aureus (IC 50 0.06-0.13 mg/mL) and Pseudomonas aeruginosa (IC 50 0.54-0.96 mg/mL). 24 In conclusion, this is the first report of the major pigments from the Tasmanian mushroom C. vinosipes and the first report of a naturally occurring 10,10′-coupled, 1,4-anthraquinone, being only the third tricolorin known from the genus Cortinarius.
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Extraction and isolation of pigments from Cortinarius vinosipes
The dried fruit bodies (5.54 g) were macerated in ethanol, and extracted at room temperature, in the dark, for 24 hrs. The extract was filtered and then evaporated to dryness under reduced pressure. The dark red residue was then partitioned between EtOAc (3 × 15 mL) and H 2 O (30 mL). The yellow aqueous phase was evaporated to dryness and stored at -20 °C . The deep red coloured organic phase was also evaporated to dryness and fractionated by PTLC [toluene-HCO 2 Et-HCO 2 H (50:49:1) as eluent] to afford a more mobile purple band (R f 0.63) and a more polar yellow band (R f 0.30). The crude purple residue (5.6 mg, 1.0 × 10 -3 % yield / dry wt.) was eluted from the silica gel using EtOAc, and contained a mixture of ergosterol and austrocolorone (3) . Preparative TLC using petrol-EtOAc-HCO 2 H (75:24:1) as the mobile phase, enabled adequate resolution of these metabolites. Elution of the purple band (R f 0.17) from the silica gel with EtOAc afforded the pure, violet-red austrocolorone (3, 1.8 mg, 3.2 × 10 -2 % yield / dry wt.) and visualization with phosphomolybdic acid reagent indicated the second band (R f 0.38; 6.9 × 10 -2 % yield / dry wt.), ergosterol (3.4 mg) which was also eluted with EtOAc. The crude yellow residue (1.5 mg, 2.7 × 10 -2 % yield / dry wt.) was eluted from the silica gel with EtOAc. The organic phase was evaporated to dryness under reduced pressure, redissolved in MeOH (ca. 1 mL), and purified further by gel permeation chromatography utilizing Sephadex LH-20 suspended and eluted in MeOH (40 × 3.5 cm diameter column) to afford austrocolorin B 1 (2) .
